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ALGORITHMS OF ART
By Jack M or by
The first things that come
to mind when thinking about art
are physical products like
paintings and drawings. These
have been the traditional mediums
that have been used to share art,
but art is not limited to them. New
paths are always being explored. A
computer is a great way to view
and access art, but it also has a
deep connection with the creation
of art. Since technology has
advanced so much over the past
century, the medium by which
artists complete their art has also
been able to advance. Digital
media software like Photoshop or
Illustrator can be used to create art
similar to real life art, but art can
stem from even stronger
computational operations. Math is
used to describe the nature of the
universe with algorithms being an
extension of math. Algorithms
provide an avenue to generate art
not from the minds of people, but
from the nature of the universe.

Online I nfluence
Some examples of modern
technologies used for relaxation
through art are popular
entertainment platforms, such as
Youtube and Netflix and also
through social media platforms
like Instagram and SnapChat. A
healthy amount of social media
use is shown to increase Positive
Mental Health levels, a scale
developed to measure
psychological well-being
(Bekalu). Art is more intrinsically
linked to computer science than
ever. The recent popularized
digital works of art bought and
sold with cryptocurrency, NFT?s,
reinforces that connection. Despite
this, none of this art can be
considered algorithmic art, which
requires an artist to use algorithms
in the creation process. Some of
the most interesting examples of
modern computer-based pieces of
art are published on the video

platform Youtube. A Youtube
video called ?15 Sorting
Algorithms in 6 Minutes? has
accrued over 16 million views
since when it was published in
May 20th, 2013, simply by adding
sound to multiple computational
techniques. The reason for this
specific video?s popularity is a
mystery to many. It is irrational,
loud, and confusing to the
first-time watcher. To some
degree, the only way to understand
the concept is to watch the video if
you have not already. The visuals
and audio are incredibly unique,
sometimes sounding like an object
from outer space or white noise
from a television. When watching
the video, it induces engagement,
as evidenced by the views and the
many comments that can be seen
published underneath the video.
The process introduced in the
video is not a breakthrough or
scientific revelation, but rather a
piece of art that can be used for
relaxation, entertainment, or even
as a form of education.

Figure 1
This algorithmic art using fractals is
entitled ?Dr. Seuss?, and is designed by
artist Linda Allison
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time to achieve the same result as
other, much quicker, methods like
the ones mentioned before. Each
one of the sorts explained here and
all of the others in the video have
their own interesting processes to
deal with the task assigned. When
presented in a visual and auditory
format it becomes even easier to
learn how each one of them works.
Conclusion
Figure 2: Example image of sorting algorithm in Youtube video 15
Sorting Algorithms in 6 Minutes

The Algor ithms
The process being completed in
the video, the sorting of bars of
different length, is a common
programming task used in
undergraduate computer science
courses. The first algorithm of the
video is the ?Selection sort,?
which is a straightforward method
to organize the bars. The red color
that flashes across the screen
represents the program interacting
with those bars. The Selection sort
runs linearly through the
remaining unsorted bars looking
for the next bar in the sequence it
has already organized. When it
finds the bar, it places it in the
correct position, and repeats this
until it finishes. Two of the most
visually appealing sorts for
viewers are the ?Bubble sort? and
?Cocktail shaker sort? because of
the interesting effects they create.
In the Bubble sort, the code
checks each bar in relation to the
bar that is to its side. If these two
bars are organized correctly, as in
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the one on the left is smaller than
the one on the right, than the
program does nothing. If they are
organized incorrectly, the
programs flips them. In this way,
the Bubble sort runs through all of
the bars repeatedly until the order
is correct. This gives the effect of
bubbles sinking to the bottom near
the end, hence the sort?s name. For
the Cocktail Shaker sort, it uses
the same general idea as the
Bubble sort, comparing adjacent
bars over and over again. Instead
of running through the code left to
right every time like the Bubble
sort, it alternates its direction after
every pass. The red bar quickly
goes back and forth like a cocktail
shaker, hence the sort?s name. The
worst sort, in terms of its efficacy,
is the final one in the video called
the ?Bogo? sort. It randomly
switches bars until the sequence is
correct, generating a constant
pulsing with varying tone. This is
a flawed method because it almost
always takes an extremely long

Computers are becoming
increasingly important in running
the world, and their purpose
extends further than high-speed
banking or NFT storage. There is
also the ability for it to be used to
make art. Watching a computer do
work for a few seconds that would
take a human many times longer
stimulates our brains, causing us
to feel accomplished and happy.
Understanding how each
algorithm works can bring another
level of enjoyment to the video.
Like everything, use of technology
and algorithmic art should not be
overused, watching the sorting
video more than once a day might
be considered an addiction more
than a good practice.

SPINLAUNCH: A NEW METHOD OF SENDING
SATELLITES INTO SPACE
By Edgar Car los
A new startup company
called SpinLaunch is changing the
way we send satellites into orbit. The
company, which was founded in
2014 by Jonathan Yaney, uses a
concept of catapulting satellites into
space. The idea may sound bizarre at
first, but SpinLaunch is planning to
send payloads into space by spinning
rockets at a fast velocity and then
releasing them into the atmosphere.
This concept makes them unique
from any other aerospace company,
as no one has ever tested an idea this
risky before.While the technology
and methods of the startup are
relatively new, the project is showing
promising results so far, indicating a
small leap towards zero-emissions
space travel. Which will lover the
cost of rocket fuel and release less
toxic fumes.
What is a subor bital acceler ator ?
A suborbital accelerator is a
machine that is designed to spin
objects from 800 to 5,000 mph. The
accelerator performs as a first stage
of a launch system. A launch system
that is not designed yet but will be
served to get the projectile into orbit.
The primary objective of a suborbital
accelerator is to launch the projectile
up to a high-enough altitude so that
the two rockets from the projectile,
which get used in the second stage of
the launch system, can place the
payload in orbit. The suborbital
accelerator works by using a
centrifuge in a vacuum-sealed
chamber that accelerates the
projectile at a certain speed so that
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the projectile reaches hypersonic
speeds once it detaches from the
chamber. The centrifuge spins the
rocket at a speed of 5,000 mph, then
catapultes the rocket out of the
chamber. The energy that the
suborbital accelerator uses to spin the
rocket is powered by renewable
resources like solar and wind, which
have a lower negative environmental
impact than using chemical rockets.
This concept of launching a rocket is
known to many as a mass accelerator
because it utilizes kinetic energy
instead of chemical rockets to send
second stage rockets into the
stratosphere. Once the projectile
reaches the stratosphere, the rocket
from the projectile ignites until it
reaches a speed of 17,500 mph and
enters low earth orbit. This is
perhaps the most bizarre but
eco-friendly method of sending a
small payload into space. The
suborbital accelerator wont be
capable of sending heavy payloads
into low earth orbit but it will be able
to send a few small satellites without
using nearly as much fuel as a typical
commercial rocket.
Histor y
While this concept may seem
relatively new, it has been around for
at least 50 years. Since the early
1960s, NASA has been researching
and investigating this technology,
decifering whether it can be used as a
reliable alternative to rocket
launches. However, nfortunately, the
technology needed to make
suborbital accelerators unfortunately
didn?t exist at the time, which is why

NASA never continued with it.
Although they continued to develop
better technology through their space
centers. Since then, companies like
SpinLaunch have been utilizing this
concept. On October 22nd, 2021,
SpinLaunch tested its first trial.
Inthis trial, they powered the
suborbital accelerator up to 20% of
its entire power capacity. This
amount of power threw a 10-foot
projectile tens of thousands of feet
into the atmosphere. In the span of
two years, Spin Launch conducted
their first successful trial and brought
its concept to life.
Conclusion
This year, SpinLaunch
intends to perform 30 tests of its
suborbital accelerator. If all goes to
plan, SpinLaunch will begin building
its orbital accelerator, which would
be capable of sending a payload of
roughly 400 pounds into orbit. This
would reduce rocket fuel costs and
the number of emissions released
into the atmosphere. While this idea
may be outlandish now, it could soon
one day be capable of sending
satellites to space in a much cleaner
and cost-efficient way.

This is an image of the suborbital
accelerator in New Mexico. Source:
AutoEvolution

MORPHOGENESIS
APPLES

AND

By Shiqi Cheng

For hundreds of years
groups of biologists,
mathematicians, and physicists
have been working on a seemingly
easy question: how do apples
grow to be the shape they are?
Why are they mostly round except
for the irregular dimple at the top
where the stem grows? Recently,
some research may have found an
answer through a simple theory
and computation to back it up.
What is M or phogenesis?
Morphogenesis is the
biological process that causes
certain tissues or organs to
develop specific shapes during
embryonic development due to a
set distribution of cells. This term
was coined by Alan Turing who
believed mathematics could be
able to describe the patterns
commonly seen in biological
systems. His original studies were
regarding spot and stripe patterns
on animals like giraffes, tigers, or
cheetahs. Two chemicals would
interact together and spread over
the body in a specific pattern
during the embryonic stage which
Turing modeled after chemical
diffusion equations. This similar
idea will be explored with the
formation of apples with their
dimple shaping.
Apple Picking
In the past few years,
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Figure 1
Various cross-sections of an apple in different stages of development
Source: Nature Physics

researchers, namely at Harvard
University, started experimenting
through picking out various apples
at different stages of development.
These apples were mapped in size
and growth of the previously
mentioned dimple, or cusp at the
top of the apple.
The anatomy of an apple
can be shown above with the
innermost seed cavity forming a
stiff core, surrounded by softer
flesh, and an epidermal (or skin)
layer. During experimentation,
researchers followed the formation
of the cusp and collected the
cross-sections of various apples at
various stages, eventually
conglomerating the information
found into Figure 1.
Singular ity Theor y
The growth patterns
observed in experimentations like
the one above can be connected to
the singularity theory, which is the

study of spaces that are almost like
manifolds, but not quite. An
example of a singularity is when a
string, a one-dimensional manifold
(assuming it has no thickness), is
balled up, dropped on the floor,
and then flattened. The profile of
an apple can be defined as a
parametric one-dimensional curve,
and through singularity theory and
derivation, we are able to obtain
equations creating the shape of an
apple. These theoretical
calculations were then tested with
gel models of apples and
researchers were able to conclude
that the different growth rates of
the bulk of the apple and the stalk
region is what causes this cusp.
Conclusion These new
developments and understandings
regarding the formation of apples
have led scientists to a better
understanding of biological
singularities. It is the first step to
gaining more insights into
biological morphogenesis.

Figure 1: Modeled image of the most recent Clearbot Design Source: Intelligent Living

FLOATING ROBOTS: HOW AI CAN CLEAN
THE OCEAN
By Dor r ie Peter s
It is common knowledge
that trash in the ocean is a
significant problem, but often the
vast complexity of this emergency
is overlooked. As many know,
there is an ominous ?trash island,?
often referred to as the Great
Pacific Garbage Patch, that floats
between Japan and the west coast
of the US. This ?island? has a
surface area three times larger than
the entire nation of France, which
is hard to imagine but painfully
true. The scope of this catastrophe
makes it nearly impossible to
solve. Although there are
machines and corporations that are
adept at removing trash from the
ocean, the Great Pacific Garbage
Patch is so massive and is
increasing at such an alarming rate
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that all of these attempts barely
make a dent. Human-operated
machines simply cannot move
quickly enough to keep up with
the growing trash pile. However,
on the horizon of emerging
technology is a robot that might be
up for the challenge.
What is a Clear bot?
Imagine a machine that
removes the human variable
entirely by using AI to pick up
ocean trash. Several companies
have thought of this concept, but
the most prominent is Clearbot, a
tech company specializing in
robotics. Clearbot?s floating robots
are completely independent
machines that operate without
human intervention. They run on

solar power, which is always
abundant in the open sea, and can
collect up to one ton of garbage in
a day. Most recent estimates claim
that the weight of above-water
ocean trash is roughly 269,000
tons, so a large fleet of these
robots could quickly make a
significant improvement to this
monumental crisis (Oliveira &
Parker).
M echanics of a Clear bot
Each Clearbot robot is
equipped with a camera to spot
trash and marine life. In order to
minimize intrusion on marine life,
software will direct the robot away
from any living organism. After
trash is located, the robot will
approach it and engulf it into a

mesh storage tank using a
conveyor belt system. At the end
of each trash-collecting mission,
the robot deposits its collection
into a sorting area, where the trash
will be categorized and hopefully
recycled. The robots come in
various sizes and models to
accommodate different aquatic
conditions. For example, the
smaller model is more adept at
traversing canals while the bigger
models are more effective in large,
open-water spaces.
M achine L ear ning
Another redeeming feature
of the Clearbot is its ability to
gather data and assist in
policy-making. Using additional
internal cameras, the robot will
scan all trash items that enter
through its conveyor belt. The data
collected about the types and
frequencies of trash in the ocean
can be used in both technology
and politics. Knowing more about
the specific garbage that is often
found in the ocean will help future
models of Clearbot and other
similar robots to be more efficient.
Additionally, this data will help
develop new policies regarding
trash regulation for businesses and
nations alike. In the long term,
policy change is vital because
picking up the trash does not
address the source of the problem.
Over 800 million tons of garbage
are dumped into the ocean each
year, so even if robots like
Clearbot manage to remove all of
it, there is always destined to be
more. Trash collection can
alleviate the symptoms of the
problem, but policies and
regulations will solve the root of
it.
Past M ethods of Ocean
Clean-up
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In deciding whether to
implement robots like Clearbot on
a global scale, it is vital to first
compare them to current methods
of ocean clean-up. One of the most
popular forms of marine trash
removal is the trash skimmer, a
human-led boat with qualities
similar to a Clearbot. Although a
trash skimmer can be produced at
a larger size, it still has a long list
of downsides.
One big issue with
skimmers is that they require
humans to operate. Locating trash
and maneuvering the vehicle must
be done completely manually.
Because of this, there are limits on
both the total time a trash skimmer
can be used per day and the space
available for trash storage. With
humans on board, skimmers must
allocate room to stand, walk, and
rest, taking away from the volume
used to store trash. Additionally,
trash skimmers use fossil fuels for
power. Unlike the Clearbot, which
runs solely on solar power and

emits no carbon footprint, most
trash skimmers run with a typical
boat engine. In addition to having
a negative impact on air pollution,
this kind of engine is known to be
disruptive to marine habitats.
Conclusion
Examining their efficiency,
environmental impact, and
data-based qualities, it is evident
that robots have extreme potential
in ocean clean-up. While
Clearbots have yet to be
implemented on a large scale, the
company has plans to launch an
entire fleet in 2022. Keep in mind,
Clearbot is far from the only robot
with these capabilities. Upcoming
tech brands like WasteShark,
Jellyfishbot, and FRED (Floating
Robot for Eliminating Debris) are
all undertaking similar missions
(Francis). With their combined
effort, it is promising that the
crisis of ocean pollution may one
day be resolved.

Figure 2:
Trash Skimmer that Requires Humans
and Fossil Fuels to Run.
Source: Shutterstock

Figure 1: Microchips send signals much faster than integrated circuits, which is part of what makes them so important. Source: Investors Digest

MICROCHIPS: THE IMPORTANCE
AND SHORTAGE
By Ayvay Duggir ala
As technological
advances increase, there is one
integral piece of hardware that has
stayed the same: the microchip.
The microchip is the core part of
any electronic device, as it is how
different parts of a device are able
to communicate with each other.
However, these microchips have
recently been in short supply
which have led to significant
impacts.
What Are M icrochips?
Microchips are tiny chips
of silicon with thousands of tiny
electronic circuits and have
allowed for the miniaturization of
all computers. Microchips are
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what is called an integrated circuit;
it has the same function as any
other circuit, but is far smaller and
operates within itself. The
integrated circuit first started out
in things like radios where it
would act like a switch, sending
on and off signals to resistors so
that they either stop or let energy
pass through. As time progressed,
the use of microchips grew and
microchips are now far more
advanced versions of the original
integrated circuit. Microchips still
work the same as an integrated
circuit, sending both on and off
signals, however they do this
significantly faster and on a much
larger scale, making them

extremely useful in technological
equipment.
Why Are They I mpor tant?
Microchips are vital to our
modern society, as they are used in
nearly every single technological
device. As evidenced by their use
in small devices such as phones to
enormous ones like rockets,
microchips have an extremely
high versatility. Microchips serve
as the neurons of a computer,
essentially telling the device what
to do by sending on and off signals
to different parts of the device, as
mentioned in the previous section.
Without a microchip, different
parts of the device would be

unable to communicate with each
other, leading to the device being
able to function.
Why Are They I n Shor t Supply?
While the demand for
microchips continues to grow,
microchips are in short supply for
two main reasons; an increased
supply and a halt in the supply
chain. As we continue to progress,
our need for microchips grows.
However, we are unable to keep
up with this demand due to The
first of these reasons is the
increasing difficulty of finding and
mining silicon. Silicon is the base

for microchips, so without it we
would not be able to create any
more. The second reason why
microchips are in short supply is
COVID-19. The coronavirus has
harmed the supply chain for
almost all products, and
microchips no exception.
Fortunately, the global economy
has started to recover, which
should mean that more microchips
are available but it may be a while
until the market returns to normal.
Conclusion
Thus far, chips have been
operating under ?Moore?s law.?

Figure 2:
Breakdown of demand for microchips, showing that all
industries rely on microchips Source: Spectrum

11 SITES.IMSA.EDU/HADRON/

Moore's law is a principle stating
that computer capability and
processes will double every two
years as each chip will be able to
hold more transistors. It is
assumed that this law will
continue to apply to microchips, as
small as they already are, experts
are sure that more transistors will
fit, meaning computing power will
increase. Regardless, microchips
are vital to all technological
equipment and will continue to be
in the future.

SUSTAINABILITY AND THE
WINTER HOLIDAYS
By Anisha K olambe
The holidays are always an
awaited source of cheer. As
students get long-deserved breaks
from school, families reunite and
cultural traditions are celebrated.
However, nothing is wholly smiles
and laughter? there are always
hidden drawbacks to every
scenario. From Thanksgiving to
New Year?s Day, the average
American household waste
increases by 25 percent, while
trash (including unwanted food,
shopping bags, and packaging
items) contributes an additional
million tons per week to landfills
(Doran & Kidwell, 2016).
Furthermore, increased travel and
transportation of items across long
distances result in a larger carbon
footprint in comparison to the rest
of the year. However, it isn?t
reasonable to simply stop
celebrating these festive times.
Instead, society must gradually
become more aware of its personal
impact on the environment and
make conscious, informed
decisions that sacrifice neither the
needs of the planet nor the joy that
the holidays offer.
The Encour agement of
Consumer ism
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Society?s consumption of
products is largely driven by the
audience surrounding them,
which, in today?s modern world, is
often on large-scale online
platforms. Globally, people spend
an average of 2.5 hours on the
internet per day and are therefore
exposed to many promotions of
goods and services,
self-comparisons with other
individuals, and societal standards
(Frick et al., 2020), which impacts
daily life. Due to this
digitalization, consumers are often
pressured to buy more than they
actually need, leading to an excess
waste of resources. In general,
advertising boosts consumption
through the increase of aspiration
levels and consumption norms
(Frick et al., 2020). Especially
since reinforcement fortifies
mindset, the repetitive sight of ads
convinces people that the
promoted item or service is
necessary to their life. As a result,
businesses have a lot more to gain
by targeting their audience
through online personalized
advertisement rather than
traditional channels (such as in
printed sources, mail, or on

television).
Furthermore, the increased
presence of users and content on
social media also contributes to
added levels of peer pressure. An
independent survey commissioned
by Greenpeace reported that
browsing through fashion blogs or
followed friend/celebrity pages
leads to impulse shopping and
increased purchasing of outfits
(Wahnbaeck & Roloff, 2016). The
convenience rising from the
merging of e-commerce and social
media makes it more difficult for
individuals to resist the
psychological temptation to follow
fast fashion trends. This is an
important matter to consider,
because not only is fast fashion
environmentally detrimental due
to its use of toxic dyes, cheap
fabrics, and short product
lifespans, it also is usually a
human rights issue since popular
brands often outsource labor to
regions where workers are
exploited. Holiday sales don?t help
with practicing sustainability
either, because bargains are
another external influencer leading
to the purchase of items that are
often neglected over time.

the impacts caused by
long-distance shipping.

Figure 1: A graph depicting factors that influence an individual?s desire
to purchase extra items. Source: GreenPeace (Wahnbaeck & Roloff,
2016)

In addition to clothing,
these same concepts also apply to
the purchase of other popular
items, such as new electronic
devices and leisure air travels.
Especially during winter, the
prospect of gift-giving prompts
increased user interaction with
sales catalogs and media sources
as individuals search for the
perfect presents for friends and
family. As news and articles push
out new and alluring titles such as
?Every Holiday Gift Guide?,
?Ultimate Holiday Gifts?, or
?2021 Guaranteed Finest?, it?s
important to recognize that the
best gifts truly are those given
with thought? not necessarily
those ?acknowledged?by the mass
market but left to gather dust.
Explor ing Greener Alter natives
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While society might not
want to admit it, most gifts are not
those actually desired by the
recipient (Root, 2021). Rather than
buying an onslaught of gifts for
every receiver, it?s much more
meaningful (and sustainable!) to
find the items that they truly need.
Taking advantage of reusing by
thrifting items also serves as a
viable method of creating
meaningful gifts while also
extending a product?s lifespan.
The standards of gifting can
further be challenged by
presenting people with
?experiences?(such as club
memberships or special events) as
sacrificing one?s time is often
more valuable than a physical
item. DIY gifts (crafts, food,
mending) are also a personal and
eco-friendly option that eliminate

Other than gifts, holiday
traditions also include gathering
with family. While most families
fly or drive to their designated
destinations, it might be worth
utilizing forms of mass
transportation (such as riding a
train or even carpooling) for fun
and unique experiences that
simultaneously reduces one?s
environmental footprint.
Additionally, most families stock
up on extra food to prepare for
?unexpected guests?over the
holiday season. However, food
waste is very prevalent and
another serious aspect to consider
when planning for special holiday
meals. Finally, for families that
hang up lights or purchase trees,
there is both an economic
incentive and environmental
benefit to using LED light bulbs
and buying potted trees instead.
Conclusion
The shift in the digitization
of services and increased
correspondence with social media
has escalated the trend of mass
consumerism, especially during
the holiday season. As
communities continue to
commemorate old traditions
during winter, it becomes
increasingly significant to account
for the state of the environment.
Society will have to think of novel
methods of following customs that
maintain both their enthusiasm
and integrity.

PHAGE THERAPY: A SOLUTION TO
ANTIBIOTIC RESISTANCE
By Samuel Go
Phage therapy is a method
of treating bacterial infections by
using bacteriophages, which are
viruses that specifically target and
kill bacteria from certain strains or
species. It is a promising new field
of antibacterial treatments because
it doesn?t face the problem of
bacterial resistance to treatment
that antibiotics, or bacteria-killing
drugs, do. Phage therapy also
doesn?t harm probiotics, or
bacteria helpful to the body, unlike
some stronger antibiotics.
However, it isn?t very accessible
or prevalent in most of the world
because of a relative lack of
clinical trials and lack of precise
clinical knowledge as a result.
This field of medicine has a lot of
room to expand, though. The first
bacteriophage clinical trials, which
treated against Staphylococcus
bacterial infections, started earlier
this year in March. The results
from those trials will help fill
many of the knowledge gaps that
exist in the field currently.
What are the applications for
phage ther apy?
Researchers are currently
developing phage therapy to treat
?superbug? infections caused by
antibiotic-resistant bacteria. The
first pure bacteriophage samples
were first extracted from the
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environment in 1915. The Soviets
used phages to treat bacterial
infections for decades due to their
lack of access to antibiotics.
Phages can be used to treat
infected wounds, burns, ulcers,
and prevent bacterial sepsis, which
is the body?s extreme immune
response to a bacterial infection.
How does phage ther apy wor k?
How is it different from
antibiotic ther apy?
Bacteriophages infect
bacteria by attaching themselves
onto bacterial cell membranes,
where the bacteria absorb them
through endocytosis. Phages then
kill their host bacteria by
replicating thousands of virus
particles and bursting out of the
cell. This is quite different from
how antibiotics kill bacteria.
Antibiotics inhibit either bacterial
DNA replication, cell wall
production, RNA synthesis, or
protein synthesis, which kills the
bacterium by permanently shutting
down its biological processes,
unlike how bacteriophages
explode the bacterium from the
inside.
Why use phage ther apy over
antibiotics?
Phage therapy does not
have the problem of eventual

bacterial resistance that antibiotic
drugs have because viruses are
able to evolve to counter bacterial
defenses just as fast as bacteria
evolve to acquire those same
mechanisms. That potentially
means that development costs for
bacterial infection treatments will
go down as pharmaceutical
companies no longer need to
spend more on discovering new
antibiotics to replace ones that
bacteria have developed resistance
towards. Phage therapy may also
weaken bacterial resistance to
antibiotics. A study published on
Applied and Environmental
Microbiology showed that M13
bacteriophages, those that targeted
E. coli bacteria, transferred their
genes into bacterial genomes and
weakened the bacteria, making
them less resistant to antibiotic
drugs.
Why isn?t phage ther apy more
common?
Clinical usage of phage
therapy has only taken off in
Russia, Poland, and Georgia,
remaining relatively uncommon
everywhere else for a couple of
reasons. Clinical trials for phage
therapy in the US have only just
started this year, mainly because
there wasn?t much need for
alternatives to antibiotics until

now, but also because research on
how bacteria eliminate phages
wasn?t prevalent until recently.
Conclusion
Phage therapy is a
promising new field in
antibacterial treatments with
tremendous potential. It is already
in widespread use in Eastern
European countries like Russia
and Georgia and is starting to
receive a lot of attention in the
West. Although it is economically
inefficient and largely untested in
the West compared to antibiotics,
they could serve as a very valuable
asset to leverage against the
growing worldwide problem of
antibiotic resistance.
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Figure 1
A diagram depicting transduction, or the process by which
bacteriophages spread genetic information from one bacterium
to another. Genes for resistance to antibiotics and
bacteriophages can be spread through transduction.
Source: byjus.com

ANTI-MATTER VS. DARK MATTER
VS. DARK ENERGY: WHAT THEY
TEACH US ABOUT THE UNIVERSE
By David Dickson
Matter? an
all-encompassing term used to
describe a substance whose
properties include mass and
volume. The formal particle
physics definition is explained
through the Paul-Exclusion
Principle: at the fundamental level,
the matter is any field such as an
electron, quark, neutrino in which
particles and antiparticles are
accessible, but there is a limit to
how much of a field can be at one
point. This is why nothing is
infinitely dense. While the concept
of matter is often understood and
taught at an elementary level, two
types of matter that are often
confused but have different
properties have a large makeup of
the universe as we know it:
anti-matter and dark matter.
Although these two terms are
often used interchangeably, they
have distinct definitions that are
important to the universe in their
own way.
What is Antimatter ?
The anti-particles that exist
with the ever-permeating quantum
fields when bonded are called
anti-matter. Anti-matter constitutes
the same things as matter except
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Figure 1
The three
(sometimes four)
states of matter:
solid, liquid, gas,
plasma
Source: Wikipedia

possessing an opposite charge. For
example, the electron is a particle
that is very small and exudes a
negative charge, the anti-electron,
also known as the positron, has the
same mass, the same spin, except
it has a positive charge instead of a
negative one (per the name
positron). Better yet, when these
anti-particles bind together they
make antimatter. Anti-matter can
make anti-oxygen, anti-mountain,
anti-iPhone, or even an
anti-planet. Some theoretical
physicists that study anti-matter
even theorize that there are entire
galaxies made up of anti-matter,
meaning that there could be beings
that are us, but opposite. After
being exposed to all of this new
information your most pressing
question is probably, ?So, why
haven?t we seen any
anti-mountains?? One reason is

that the natural generation of
anti-matter is sparse. Its natural
sightings are from cosmic ray
collisions, gamma rays from
thunderstorms, or the radioactive
decay of potassium-40 (yes, when
you eat a banana you are ingesting
small amounts of antimatter). Oh,
and also when an anti-particle
meets its counterpart it annihilates
into nothing and releases energy
equal to the energy of the
antiparticle and itself. This
phenomenon is similar to the sum
of 2 and -2. They cancel each
other out which results in
annihilation. This is why there is
such little existing anti-matter in
the universe. This inequality is
called baryon asymmetry which is
one of the unsolved mysteries in
physics. Nevertheless, the
conservation of energy still applies
to this reaction and a large amount

of light that is the sum of the
energy in the matter and antimatter
is released. Anti-matter is
important for scientists to study
because although it shares many
similarities to observational
matter, its atomic composition is
slightly different from the matter
we perceive, and they want to
understand why.

Figure 2
Cloud chamber photograph of the first
positron identified.
Source: Wikipedia

The Dar ks: Dar k M atter and
Dar k Ener gy
If antimatter is our
counterpart then dark matter is the
force that helps govern the
universe. Dark matter is a
relatively newly discovered form
of matter that was dubbed by
Swiss American astronomer Fritz
Zwicky as the ?missing matter.?
This was first observed when
Zwicky calculated the mass of all
the stars in the Coma clusters of
galaxies and found that it only
amounted to 1% of the mass
needed to escape the Coma
clusters?gravitational pull.
Astronomers Vera Rubin and W.
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Kent made a similar observation
when they observed that the spiral
of our galaxy is proportionate to
10 times more matter than we can
see, thus the revelation of dark
matter. The reason we can?t see
the dark matter is because it
Figure 3
doesn?t react electromagnetically,
An image of dark matter bending light due
therefore it can not be seen using
to its high mass.
light. However, we do know it
Source: NASA
exists because it reacts
which can be characterized as a
gravitationally as huge splotches
binding force for the matter. Dark
of dark matter bend the light
energy pulls matter apart, being
around it. Dark energy, on the
the characterization of the
other hand, is something we can?t
ever-expanding universe.
detect, measure, or see. But we
Takeaway What we know about
can characterize it as the
the universe is very little. And
phenomenon that causes the
what we know about what we
universe?s accelerating expansion.
don?t know is even smaller.
It is the intrinsic energy of the
Understanding dark matter and
emptiness in space. The reason for
the universe?s expansion is that the dark energy are important to have
a fundamental understanding of
empty space creates even more
the shape, structure, and properties
empty space. This empty space
of our world, our galaxy, and our
has more energy than all that we
universe. The continued
know combined and it?s still
theorization of these types of
ever-expanding. The study of dark
matter will eventually produce an
energy and dark matter is pivotal
answer that radically changes how
in understanding our universe and
we view space. But, that is all
our existence.
these are: theories. We?ve assigned
Differences between Dar k
a name to these properties that
M atter, Anti M atter, and Dar k
we?ve observed but it is so
Ener gy
ambiguous we aren?t even sure
Where the properties of
about anything. Even the
dark matter and antimatter
fundamental principles of dark
diverges is that dark matter is an
matter are so new that there isn?t
entirely new, different, form of
possibly a way to manipulate dark
matter. Antimatter is the same as
matter because the only thing we
observational matter except it has
know it reacts to is gravity, and the
an opposite charge and thus can
gravitational force is very weak.
not productively interact with
Just remember, if you ever meet
matter. Dark matter interacts with
your anti-self, don?t touch them, or
matter through gravitational forces
you will die.

RIP, CRUNCH, FREEZE: THE
THREE FATES OF OUR UNIVERSE
By L aya Gopalakr ishnan
Every action has an equal
and opposite reaction, so states
Newton?s First Law of Motion.
This idea pertains to every
conceivable instance in spacetime,
from two people playing catch to
the collision of planets. However,
how can we apply this same
ideology to the existence of our
universe? As scientists currently
believe, an event called The Big
Bang, an outward expansion of an
infinitely dense singularity, was the
genesis of our universe.
Calculations made by examining
Cosmic Microwave Background
radiation left over from the Big
Bang and the behavior of light
according to the Doppler shift
maintain this theory of indefinite
expansion, but can this state of
growth exist for eternity? In 1922,
Russian physicist and
mathematician Alexander
Friedmann developed a dynamic
set of equations that predicted the
fate of the universe. Based on his
findings, there are three possible
explanations of the end of
spacetime, or at least our

perception of it. Either the universe
will be torn apart due to its sheer
gravitational power, implode into a
singularity, or continue to expand
indefinitely.
Density Destiny
Published in 1916 by
Albert Einstein, the Theory of
General Relativity states that rather
than an object?s gravity being a
linear attractive force it determines
the warping of space around an
object. However, despite its
successes in explaining previously
unexplainable gravitational
occurrences, such as the orbital
path of Mercury, the equation was
primitive in defining the end state
of the universe. To remedy this
issue Einstein added a
cosmological constant to the
equation, making it a messy fix for
an impactful matter. Enter
Alexander Friedman. Friedman
created an elegant mathematical
solution, casting out the
cosmological constant and creating
a set of equations void of the
assumption that the universe is
static.

However, the equation?s
end result boils down to one
variable: k. In the equation, the k
parameter, representing curvature,
accomplishes two very important
things. It determines the shape of
the universe, a component of the
equation stated previously, but it

In short, the equations help explain

Figure 2

Figure 1
The first Friedman equation helps to remedy the rudimentary nature of Einstein?s theory of
General Relativity. One remarkable fact about the creation of these equations was that they
were created before the discovery of universal expansion. Source: HyperPhysics
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the evolution path of any one
universe depending on its
expansion rate and content. The
first Friedman equation [Figure 1]
makes use of the Hubble expansion
rate, the concentration of matter
and radiation in the universe in
question, the radiation levels in
said universe, and any remaining
forms of energy present. It also
utilizes the theory of General
Relativity by taking into account
the shape of the universe: flat,
closed, or open [Figure 2].

An image depicting the three
possible shapes of the
universe: closed (top), open
(middle), or flat (bottom).
Source: OFluxo

also determines the density of the
universe in relation to its shape.
This extremely important
information to take into
consideration as the universe's
density in relation to its critical
mass density? ?the average density
of matter required for the Universe
to just halt its
expansion?? determines its fate.

Figure 3
The equation used to determine the
critical mass density of the universe as
a function of time.

evaporated via Hawking
radiation? the thermal radiation
emitted by black holes? and the
universe will be an empty shell of
what it once was.
I t?s Cr unch Time: The Big
Cr unch
If the k parameter exceeds
0, then the density of the universe
will be greater than it?s critical
mass density and gravity will take
over as the main driving force.
Eventually gravity will overpower
the force of dark energy, a constant
value in our universe. There are
two possible outcomes that could
result from this Big Crunch event.

Source: HyperPhysics

The Eter nal Dar k Age: The Big
Freeze
If at a certain point in the
future the k parameter of the first
Friedman equation [Figure 1]
equals 0 indefinitely, then the
density of the universe will be
exactly equal to its critical mass
density, resulting in infinite
expansion. The force of gravity
would be unable to overcome dark
energy?s outward pull and the
universe?s breadth would extend
into oblivion.
Applying this model to our
universe, in a trillion years, only
the closest galaxies near the Milky
Way will be visible, all others
being too far away to perceive or
interact with our own. At this point,
star formation will have ceased and
black holes will no longer have
material to consume in its
reachable vicinity. A googol years
from now, all matter will have
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In the event that all of
creation compressed itself into a
singularity, it is likely that this high
density point in space time would
create a supermassive black hole,
enveloping our universe. However,
it is equally likely that this
singularity would pave the way for
a new Big Bang, or the Big
Bounce. The universe would begin
a new genesis, and, if this theory
stands true, who is to say that our
version of the universe is it?s first
iteration?

ending would result in a far more
violent burst. Matter would be
destroyed rather than slowly
ceasing to exist due to the
deprivation of matter-on-matter
interactions.
This theory is extremely
unlikely however due to the
concentration of dark energy in our
universe being a constant (as
previously stated). This would
mean that it as a variable force
would not be able to adopt
governance in our universe.
I n Our Final M oments
The final fate of our
cosmos remains a mystery. Each
outcome has its flaws and
likelihoods, each becoming more
convincing as further research is
conducted. It is also entirely likely
that new theories will come to light
as technological advances pave the
way to more accurate cosmological
concepts and theories. However, it
is the ambiguity of these
unanswered questions that drive
those at the forefront of the
theoretical sciences.

The Big Rip
In the final theorized
scenario, if the k parameter is less
than zero, the force of dark energy
would far exceed the force of
gravity, resulting in a sudden
increase in the universal expansion
rate. This would result in all matter
being ripped apart, down to each
atom?s subatomic particles. Rather
than expanding consistently for
infinity like the Big Freeze, this

Figure 4: A graphical representation of The
Big Rip, The Big Freeze, and The Big
Crunch in relation to the rate of cosmic
expansion. Source: Astronomy Magazine

Swarm Robotics: A New Frontier
By Gautham Anne
Interacting with,
understanding, and responding to
both each other and the
environment are some of the most
important features of the human
race. The social culture that we
possess allows us to help us
?advance the human condition.?
Interestingly, humans are not the
only species that do this. A flock
of birds, a school of fish, and a
beehive also exhibit this collective
behavior. When birds migrate,
they are often in a group led by
one member of the flock. The rest
of the group arranges itself into
particular geometric shapes
despite birds having no sense of
shapes and figures. In fact, the
distribution of the birds is also
surprising?? the senior members
linger among the edges of the
group, while the younger ones are
in the center. They do this in order
to achieve their common goal:
migrate safely. These same
characteristics are

Figure 1: Lawn Mower Solutions
Source: American Scientist
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found in fire ants; they are
coordinated enough to build, eat,
and defend their colony together.
They can even go as far as
creating a small bridge for
crossing a gap!
This collective behavior
allows groups to achieve more
despite their circumstances and
constraints. Researchers have
shown that individuals within
these complex groups need not
have sophisticated knowledge.
The ?swarm?knowledge is
distributed across all of the
members of the group. Each unit
in the swarm has a certain amount
of intelligence along with natural
instinct of course. Members have
the ability to learn new skills over
time. This raises the question:
what if this collective sensing can
be implemented with a group of
robots? This article presents the
fundamental concepts of swarm
robotics.
Biomimicr y
Many researchers and
engineers have taken nature to be
an inspiration for their
innovations. For example, the
solution to the difficult
engineering problem of designing
the nose of the bullet train was
inspired by the beak of the
kingfisher. Modeling the shape of
the beak of the kingfisher made

the train more energy efficient and
produced relatively less noise as it
passed through tunnels. The term
coined for taking inspiration from
nature to solve problems faced in
the scientific community is called
?biomimicry?.

Figure 2
Bullet train and kingfisher
Source: Google

Much of swarm robotics
research has elements of
biomimicry. One example is the
development of small autonomous
robots that can navigate through
earthquake destruction in search of
human life. This technique is quite
similar to swarms of insects.
Biomimicry is the inspiration of
swarm robotics.
Essentially, swarm robotics
is a field of multi-robotics in
which a large group of robots is
coordinated and distributed in a
decentralized manner. Each robot
follows simple, local rules,
inspired by the collective behavior
of social insects, so large amounts

of simple robots can outperform a
task given to a single, complex
robot.

Advantages of M ulti-Robot
systems compared to Single
Robots

Requirements

There are numerous
advantages of multi-robot swarms
compared to single robots. Firstly,
a swarm has the ability to use task
parallelism to perform the task
more efficiently. Task enablement
is another factor ? some tasks
require multiple robots because of
their nature. Working as a swarm
allows a group of bots to complete
a task that would be otherwise
impossible for a single robot to
complete. As a swarm has
collective sensing capabilities, it
has a wider sensing range than that
of a single robot. This is especially
useful in searching objectives,
since a wider sensing range would
help the robots scan an area faster.
A group of robots can also actuate
a variety of actions at different
places at the same time, which is
generally known as the
distribution of action. Finally, one
of the most important advantages
of a swarm over a single bot is
fault tolerance ? the failure of a
single robot within a swarm does
not compromise the main
objective, since other robots still
function.

If swarm robotics is to be
efficient and applicable to a
variety of situations, certain
requirements must be met. The
swarm of robots must be
autonomous and able to sense and
interact with a realistic
environment and the number of
bots in a swarm must be large
enough to complete a given task in
a certain timeframe, but not
overcompensated for that the
efficiency of the system
experiences a loss. Homogeneity
must exist in a swarm; that is, the
robots in a swarm must be similar,
if not the same. This makes
algorithms easier to implement. A
single robot must be incapable and
inefficient with respect to the
swarm?s main objective. This is
the entire point of swarm robotics
? many simple robots working
together to complete an objective.
All robots must only have local
sensing and communication
capabilities with neighboring bots.
This ensures that the coordination
of the swarm is distributed evenly
and incorporates scalability into
the system.
Figure 3

Swarm robotics algorithm
requirements
Source: Google

Cur rent Exper imental Platfor ms
The SwarmBot, developed
by Rice University, is a platform
developed for research in swarm
robotics. It can run for
approximately 3 hours on a single
charge and uses a variety of
sensors, including cameras, to
detect the environment
Figure 4

Harvard University developed the
innovative Kilobot, which uses
vibrations to move the system?s body. It
is also unique with the function of group
charging and group programming. Due
to its simplicity, it has a runtime of 24
hours.

Figure 5

Developed by the KOVAN Research Lab at
Middle East Technical University, Kobot has
multiple vision sensors, distance sensors,
and a compass. It can work autonomously
for 10 hours on a single charge and is mostly
used in the implementation of
self-organization situations.
Source: Google

21 SITES.IMSA.EDU/HADRON/

Figure 6

Algor ithms and Techniques

There are various
techniques utilized in swarm
robotics, and they form the initial
steps to solve complex problems.
Aggregation is the process of
grouping all of the bots in a swarm
together, and it is a fundamental
part of pattern formation,
self-assembly, exchange of
information, and other collective
movements. After the aggregation
step, the dispersion algorithm steps
in. Each robot is disrupted in its
École Polytechnique Fédérale de Lausanne
(EPFL) developed the S-bot, one of the most environment and works as a single
competent swarm platforms built. It has a
member of the swarm, while also
unique design, with a gripper capable of
having the ability to explore the
interacting with other objects and S-bots,
environment individually. One
and uses various sensors, such as light
intensity, IR, acceleration, and temperature approach to dispersion is the
repulsion algorithm, where robots
sensors, among many more.
?repel?each other and obstacles,
Source:Google
allowing them to disperse in the
environment linearly. Pattern
Figure 7
formation is a major characteristic
of swarm behavior and can be
helpful in tasks that require the
entire group to work together. For
example, robots can create a global
shape by changing the position of
individual bots using local
information.
There are many more algorithms
and techniques that a swarm must
be able to follow if it can complete
There are numerous types of swarm robots,
a task successfully, including the
each with their own specific characteristics that
make them appealing to certain tasks. For allocation of tasks, collective
instance, the S-bot is more beneficial in
objectives that require swarms to manipulate
the environment, since it has a gripper.
However, it is costly to manufacture, and the
Kilobot, which is significantly cheaper, would
be the better alternative for objectives that do
not require manipulation of the environment.
Source: Google
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Figure 8

movement, object transportation,
and collective mapping.
Conclusion
Swarm robotics is a
promising field, with many
real-world applications, such as
medical uses and search and rescue
missions. However, there are many
challenges researchers need to
address before they can be
commercialized. Extensive testing
in laboratory settings and standards
is a must, especially for high-risk
scenarios. Building mathematical
models and analyzing swarm
algorithms is extremely
challenging. There are further
security concerns that need to be
addressed due to the individual
bot?s simplicity, such as the
physical capture of the robots,
identification of individuals in a
swarm, and communication
attacks. The main goal of swarm
robotics is to cover a wide range of
applications where robots can
disperse and perform their
respective tasks. Some examples
include the detection of hazardous
events, such as leakages and
landmines. Overall, the application
of swarm robotics is propitious, but
much work has to be done
regarding the development of
algorithms and mathematical
models.

Aquaponics: An Emerging Method for
Food Sustainability
By Er in Yoo
In the United States alone,
seventeen million families cannot
afford to put food on the table each
day (Pont, 2021). In fact, food
security is a global problem that is
becoming a bigger threat to human
health and sustainable living every
day. Luckily, researchers and
entrepreneurs have been
experimenting with new, innovative
agricultural systems that could
provide sustainable food security.
Once such method is known as
aquaponics. Although modern
aquaponics stems from the late
1970s and 1980s ? credits to
researchers at the New Alchemy
Institute of North Carolina State
University, it has actually been in
use for thousands of years (Goddek
2015). For example, the chinampas
(or floating gardens) used by the
Aztecs could be considered
aquaponics due to its fusion of plant
agriculture and water ecosystems.
Today, the ancient agricultural
practice has the potential to provide
sustainable food and living.

sustainability and eco-friendliness.
Put simply, aquaponics is a
mini-ecosystem where fish
emissions like gill excretions, urine,
and feces are used as fertilizer for
harvesting and growing plant crops
(Goddek 2015). The plants, in turn,
absorb the nutrients from the water
and return clean water to the fish
through a connected pipe system
(Goddek 2015; ?What is
Aquaponics?? n.d.). In fact, about
95-99% of water is reused in
aquaponics systems (Goddek 2015).
This constant recycling and reuse of
water is a significant advantage that
hydroponics has over aquaculture,
where water has to be discarded
everyday due to toxic ammonia
buildup (Goddek 2015; ?What is
Aquaponics?? n.d.).
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Hydroponics also requires
lots of energy to produce and
transport nutrients for plants,
resulting in the pollution of surface
and groundwater. Since nutrients are
already provided for plants in
aquaponics systems by the system
itself, aquaponics reduces pollution
in addition to limiting resource use
(Goddek 2015).
The Setup

The Advantages of Aquaponics
The name ?aquaponics?
comes from the fact that it?s a
combination of hydroponics (plant
cultivation without the use of soil)
and aquaculture (fish cultivation).
Its largest appeal comes from its
lack of waste and required
maintenance ? a huge plus for

detailed mixes of man-made
chemicals and nutrients (?What is
Aquaponics?? n.d.). On the other
hand, aquaponics farmers only have
to monitor nutrient concentrations
and adjust them as needed since the
fish provide all the nutrients to
begin with (Goddek 2015). In fact,
all that is needed to take care of an
aquaponics ecosystem is food
scraps or fish feed. Afterward, the
fish take care of the rest.

Figure 1: The cycle of
aquaponics. Source: MDPI

Another advantage
aquaponics has over hydroponics is
its efficient maintenance process.
Hydroponics requires the careful
and intricate maintenance of plants
where farmers must concoct

Further, anyone can
implement this in their home and or
backyard. For instance, some
systems are small enough to fit on a
kitchen table, like the SpringWorks
Microfarm System and
AquaSprouts Aquarium Garden
sold by The Aquaponic Source (see
Figure 2). Others are large and
industrial, like the one maintained at
the University of the Virgin Islands
(see Figure 3). Still others are
elongated vertical structures
resembling a new, modern tree seen
in sci-fi movies (see Figure 4).

Though the range of
aquaponics setups is diverse, all
systems share the main components
of a water trough, where plants?
roots are submerged in nutrient
water; fish tanks, which supply the
nutrient water; pipes, which connect
the tanks and create a water flow
system; and filters between the
tanks. These components act like
modules which can be arranged and
rearranged to form simple or
complex setups depending on the
farmer(s) specific wants and needs,
allowing for an easy and efficient
setup.

Figure 2:
SpringWorks Microfarm System
Source: The Aquaponic Source

Figure 3:
Basil crops at the UVI aquaponics
system
Source: Donald S. Bailey at
ResearchGate
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Figure 4:
Vertical aquaponics system cultivating vine
plants
Source: AgMRC.org

The L ong-Ter m Sustainability of
Aquaponics
Efficient nutrient recycling,
water reuse, and limited required
resources for upkeep mean that
aquaponics can be quite sustainable.
For example, around the world,
about 70% of freshwater is used up
by conventional soil agriculture
(Goddek 2015). In some areas
where water can be especially
scarce, like North Africa or the
Middle East, the percentage rises to
90%. In contrast, aquaponics
agriculture is estimated to use less
than 10% of available freshwater
(Goddek 2015). Thus,
implementing aquaponics systems
would free up enormous volumes of
water for communities where water
is scarce. Aquaponics is also an
easily adaptable system that can be
implemented in a variety of
environments. From old, neglected
warehouses to stylish urban roof
gardens (see Figure 5), aquaponics
setups do not require deforesting
hundreds of acres as conventional
agriculture does (Goddek 2015). In
effect, they save space on top of
reducing resource consumption and

pollution. Implementing aquaponics
into urban living also reduces
carbon emissions, energy, and cost
use by bringing food closer to its
consumers. A shorter distance
between food production and
consumption means less energy,
cost, labor, and resources are
required to package, transport, and
deliver food (Goddek 2015). In
other words, aquaponics can shorten
and simplify food supply chains
which is more eco-friendly.
Conclusion
Despite all of its
advantages, aquaponics hasn?t
driven a huge revolution in
agriculture or food supply industries
yet because there isn?t much
literature or research on its
long-term effects. More
experimentation and research has to
be done to create, organize, and
market ideal aquaponics setups for
large-scale sustainable food
production. For now, though this is
just a start, aquaponics seems
promising due to its numerous
environmental and sustainability
benefits. With aquaponics,
communities could take a step
towards stronger food security and a
more sustainable future.

Figure 5:
An urban rooftop aquaponics system
Source: Inhabit.com

UNTANGLING MATHEMATICS: A
LOOK INTO DEEPMIND?S NEW AI
By Glor ia Wang

Figure 1
Different types of knots. The unknot
sits in the top left corner.
Source: Wikipedia

As an expanding field with
a wide variety of applications,
artificial intelligence (AI) has been
a hot topic for decades. Machine
learning has been applied to board
games, language, and healthcare.
But for the first time, researchers
have applied AI to math: detecting
patterns in knots. Just last month,
Google?s DeepMind team?? the
same team that broke headlines
with AlphaGo?? released the
preprint of their paper ?The
Signature And Cusp Geometry Of
Hyperbolic Knots? on arXiv.

untie. Thus, they look more like
pretzels than shoelaces.
Open-ended knots are termed
?braids.? In order to be considered
a knot, the curves cannot untangle
into the unknot, also known as a
trivial knot. This knot is literally
not knotted?? a simple loop; a
three-dimensional circle.
The purpose of knot theory
is to understand the geometry of
strings: can a tangled string be
untangled without having to cut it?
Is there a simple way to make
these determinations? To answer
these questions, mathematicians
have spent centuries trying to
detangle the mathematics of knot
theory. But now, DeepMind?s new
AI is helping too.
M ath M achine
Although machine learning
is not able to explain why the
patterns work or even exactly how

they work, it can push
mathematicians into the general
direction of understanding how the
patterns work, making it easier for
mathematicians to work out the
details of a rigorous proof.
In order to train the
model, researchers calculated the
invariant? a property of knots
that ?always assigns the same
value to equivalent knots??? of
millions of knots (Wolfram
MathWorld). Researchers then
discovered that the most helpful
technique to finding patterns that
link two properties is saliency
maps. This technique is often used
in computer vision to reflect the
degree of importance for each
region within an image. Applied to
pattern recognition, saliency maps
highlight properties that are likely
to be linked and generate a
formula that was proved by
Lackenby and Juhász.

What are K nots? I
n day-to-day usage, a knot
refers to certain ways to tie some
kind of string. But unlike tying
shoelaces, a mathematical knot is
closed: there are no ends to tie or
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Figure 2: The stevedore knot (left) and its corresponding shape
transition (right) provided by SnapPy, a Python-based program used
to study the topology and geometry of 3-manifolds, with a focus on
hyperbolic structures.
Source: Davies et al., 2021.

With these discoveries,
researchers introduced a new,
real-valued invariant termed the
?natural slope.? This natural slope
is defined as the real number
subtracted from the longitude a
geodesic?? the shortest path
between two points?? travels
along the knot and back to the
initial meridian. This new
invariant introduces new
relationships between knot
properties, and is applicable to
other branches of mathematics
such as the Dehn surgery and
4-ball genus.

these technologies to connect the
dots and improve efficiency. At
the same time, it allows computer
scientists to take a glimpse into the
abstract reality of mathematics.
DeepMind scientist Davies ?told
reporters that the project has given
him a ?real appreciation?for the
nature of mathematical research.
Learning maths at school is akin to
playing scales on a piano, he
added, whereas ?real
mathematicians?work is more like
jazz improvisations.? Artificial
intelligence will continue to push
the limits of human intelligence,
aiding us in our journey to
understand the world around us.

Conclusion
DeepMind?s AI model has proven
once again that machine learning
has potential far beyond its current
applications. Even mathematics, a
world rich with intuition and
thorough proofs, is now utilizing

Figure 3:
The definition of a natural slope: ?A geodesic running in the direction ??
that is perpendicular to the meridian ?. By the time it returns to the
meridian, it has travelled one longitude minus some multiple s of the
meridian. This real number s is the natural slope of K.?
Source: Davies et al., 2021.
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